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The n«c-ccr-a.-is.^(j| has ;ruve} teen depcs::ed wis American 

(Q Pc lie remediated plant Irarsfcrrr-Jlion. 

(*~; A me' fc .cs anc apparatus Is diidesed tor the gene:ic 
transicrmaccr. o; pianis anc plant fines by pc Cen mediated 
t ransformation, foreign genes are irurocuced into poflen~5y 
caaung on earner partices wtvo are pnyzicatfy a c cn eratcd 
into plant poUen. The treated punt poUen is then fund potarutec 
anc the progeny arc recovered, a portion of wnicn contain in 
tnetr genome tne foreign gene. The procedure may be used to 
create gcneticatty tnctneered maize plant and enes, 
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POa£N-M£0lATE0 PLANT TRANSFORMATION 



FttW of lh« Invention 

The present invention relates to the general field 5 
of genetic engineering of plants and relates, in 
particular lo the transformation of exogenous 
genetic material into the germ fine of a ptant kne by 
physically introducing the genetic material into 
■pollen ot the plant. 10 

Background of the Invention 

There exists mucn current effort and research 
being expended toward the genetic transformation 
of plant species. It is believed that the development 75 
of efficient means tor transforming foreign genes 
into plant germ lines will allow the diversity of the 
genetic stock in commercially important crop 
ssecies'to be widened and lo allow funcaonal genes 
of specific interest tc be selectively inircduceC into 2? 
crap spares. Tr.e eticn ar.c research to date cn tre 
transformation, cr genetic engineering, of pic-: 
s-ec:es has aerie .-ec res-jits v^icr vs.-/ cu'te 
eramat;cs::y cece-.c.r.g en tr.e species C pta-.:. 

The principal nccr.ar.isrr. which has been us 2- 25 
heretclore fcr tr.e introduction ol exogenous genes 
into plants has begun witn the trans! ormat ion cl 
single plant cells either as protoplasts or in a 
undifferentiated tissue mass known as a callus. 
Chimeric genes functional in plant ceils have been 30 
introduced into single cell ptant protoplasts by 
electrcc oration ar.i microinjection. However, the 
most wics:y usee :rar.s:crrr.a::en lechniq-e usee :o 
date has Take", acvar.uce o( a nature trait of the 
plant pat-.ocer. Acrcsac:erlun turr.c'acicr.s . wr.icr. 25 
hac ;-ra:e ar-iny 'z ;;cr.s:»: a ocr.;or. z'. :r.e 2na 
from a T. (Tu-.or-ir.cucr.c,: plasrr.ic tezzrtz in ;i 
into an \r.iez:tt c'.ar.i ceil. By ir.sening !cre:gr. ceres 
into pias.-r.ics ir. Acrccacter.urr. wnicr. carry carta:.-, 
secuercec »c~ T.e Ti C-as.T-c. the bacterial -C 
fcrrr.^c ~z tra.: car re ussc to trs-.scr" r.s !re :* 
ge-.es ir.: c tr.e r.ercrr.e zi tr.e ir.lecec p:a-t zz-'.z 
Acrccactervjm -meciatcd plant call trar-stormaticr. 
has see* leur.c tc work reascrucly w? ! in many 
mode! crcc species, sucn as teoaccc. petunia ar.c '5 
carrot, but cces suffer !rom two significant limita- 
tions. The firs: timtiaticn is that the meciaticn car. 
only be done on an individual cellular level, typically 
with somatic tissues, whicn then must be regener- 
ated artificaiiy into a wnole plant. This firruts the SO 
applicability of Aqrcsacterium -meoiated genetic 
transformation to those cop species which can 
readily be regenerated from types of tissues which 
are susceptible to Aqrobacierium infection. A sec- 
ond limitation is that the naiuraf host range of 55 
Aqronacteriurn includes only dicotyledonous plants 
and a umiiec numher of monocot speces of the 
Lifiaceac family. Therefore Ag rooacteoum -mediatcd 
transJormatioti hac not been proven lo be an 
effective tool (or monocot speoes of commercal 60 
interests, sucn as tne cereal cop species. Another 
Ciltic-tty wiin An/o onccrium -mcdiated transforma- 
tions is inc generation oi somoctonaJ variants, wnicn 



spontanoousiy arise «i ptant tissues in tissue culture, 
which may complicate identification ol trans for - 
mants. 

ft has been demonstrated that at least some 
chimeric gene constructions are effective for ex- 
pression of foreign genes in most ptant celts. The 
functionality of these chimeric constructions in 
monocot s as well as cScots has been demonstrated 
by the transformation of maize protoplasts in culture 
through such techniques as electro porat ion. How- 
ever, no currently known metftodoiogy exists to 
regenerate whole maize plants, or wnole plants of 
any other important crop speces. from such 
protoplasts. No whole, intact transformed maize 
plants, tor example, are known to have been 
generated. Nevertheless genetic transformation of 
lines of maize and omer crop species is a desired 
objective because of the great agricultural value of 
the carir.cn crop p!an:s anc tr.e potential tc 
improve the!: va'je ar.c* productivity. 

Thee r.a« teer. at leist ore suc;es:i" previous;.- 
that maice c*:r:s car.be ge-.*::c:: y ::irs:crrr.eC- c r - 
genetic transformation of the:.* pc^er.. FuciisneC 
PCT patent application WC S5/C;KS 'to CeWet 
purportecty describes a metric fcr the transfer of 
exogenous genes into flowering plants by transfor- 
ming the pollen of the plants. Attempts by others to 
verify this technique and reproduce the experiment 
have failed. Santord et aL Theor. Aool. Genet. . 6a 
(5-5). 5Tl-7<i (tSSSi. A repcr: or one Similar result 
has bee-, rr.ace. Ch:i, ?rzz. Na::. ~zzz Sc. US^ . 
Z2:7 15-7 tS r.Vzz). 

Surr.rr.arv c" tr.e lnver.:»r. 

The preser: invention is su-.-s'irac in tr.a: a 
merr.ee ot ger.eticaCy trar.:tc:rr.:-.c a plar.: lire 
corr.pnse* :r.e s;e?s ci: prerarr.g a wNA se-ue-.ce 
inciuc^c a Jce ;r. gene arc re-u*atory secuer.ces: ^* 
refs::.-.; :r? "na sequence cr.-.z z z-z-.zz^ ire-. - 
^pu'i.Cc: cr.j:ci:s aoctie-i::r.; tr* ;a-uc:e: zz - \ 
rying tne C.na at poflen of tne c^r.: to tocrje tr.e sc - 
partic.ee ir. tr.e pollen; pctlina::r.c a female pare.-.: d 
piar.i wi:r. ;r.e pdten; arc select:-; from progery c' £ 
the poilinaticn Icr translcrme. p:ar.;s. 

The preser: invemien is a:sc oirected tcwa*C 
maize Enes having tunct;oruu expressed fore:g~. 
genes inserted in them. 

The prescr.; invention is further directed toward 
the genetic transformation of not onfy maize but 
other important crop ptonis through pollen transfor- 
mation and without tic need for tissue Culture or 
regeneration of plants. 

h is an advantage of tna present invention in that 
the process is retatweJy quick and efficient, readily 
verifiable, and reptcabte. 

tt is an advantage of the process of the present 
invention and the materials produced tnercfram that 
foreign genetic materol. characterized or uocharac- 
tenzed. can readtfy and rapidly be introduced into 
any deseed gcnct< background ol maize lor croo 
breeding, molecular b^togy. or oinc? similar agrcn- 
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©mic or launiilic purpose. 

An ^.itoAai acwanooc « mo Process <X mc 
present invention * that nuttcrous. t*. mnu^nds. 

because N tn,: cw. <W pcftonnmg tiv ? process * 
contrast to pnor sunt** -con lra.vJoMiiat.nn tech- 
niques Of iwcronuwct*" *>* ***** 10 
oertorm or require ™" «««fnw.i. 

Other ohfccts. advantages and toidufes ol tne 
oresent invention w* become appall front the 
following specification when taken in conjtmction 
with the accompanying drawings. 

Brief Description of the Drawings 

Fig 1 * oi* exploded perspective view of an 
apparatus co«*inic:feri to perform the method 
ol the present invention. 

fig 2 is a schematic ^lustration of the 
plasmid manipulations in the process of making 

plastic pCmc icca. 

Fi 5 . 3 is a schematic aiustraticn o: the 
p,- s -j^ rr.sfliculatxns ;n the process ef mak:r.g 
W?lisrr.:r.pCMC:C22. 



Detail- Oescr.stic-. c f :r.e lnver.::on 

in the practxe of pcttervme dinted p!*« fienetic 
transtcrmauc.n ccn^cter. in accordance witn the 
present invention. Ona is physicany delivered mio 
the c/toscl or plant pollen, the ONA being carried on 
individual small particles of biologically inert material 
which are accented at the potten so that the 
oartie'es enter the indMdua! pollen celts but nettner 
C-«;rcy X' :ncsr:ac:!a:e them, tt has been four.c that 
ONA ! ca:ive*es :r. s»cr. a tasr.ion will be incorporated 
tr/o tre gcw.e cnatera* of the progeny cf trus 
pctte-. Tr.cs tr a - ^ermine pollen in this fasten 
a::cw* :cr :r.e csr.et-c e-.c!netr.r.g of p:?--. :s a" plan: 
fines. 

There are severa! Jactcs wr.icr. mitcence sue- 
c-«sf"l ;ci:er,.fr.ecia:er trar.sicrmaticns. The man- 
ner in w-.:cr. the pa-t:c:ei are accelerate- is 
r-*e*i- v ;-'*'--.:v arr2rr.ee so that tr.e :r.c;v?c--£ ! 
ONA-rear- parses nave a preser momentum 
and velocity, and the partices tnemseives are in a 
relative* uniform pattern, when contacting the 
pctte-. that they penetrate a significant r.umcer of 
pollen ceils wi:nc«t bidocieoity Cisctlinn them. 
Fur.herrr.cre. the ONA cn the particles should be 
stacte anC caoaoie of transforming plant cells anc 
expressing the dcs:rahte trait in the plant ceils. In 
add-on. the ONA itself may contain a selectable 
marker whtcn can be defected in p-jtativeiy trans- 
formed plant seeds or planttets in orcer to verify the 
specific plants in which genetic transformation has 
ocrjrreC. n the transformation frequency is high 
•nougn. such a selectable marker may not be 
* necessary. 

There are many types of mechanical systems 
which con be envisioned to accelerate biologically 
fciert small corner panic! es. Possible mechanisms 
rrugrit ev*idt loUtttc explosive acceleration of 
particies. ccniniiigai acceleration ot panides. efec- 
uostatic acceleration of parties or any other 
analogous system anaoie of providing momentum 
and veioety to smaO inert particles. One novel 



methyl j-d.tt.ol Uf tt« an,*eaius iw« 14 <ttuS * 
trateU w sct^iutir. lashHm «i ftj t. The method 
*atrai«il iw^rc n<*o use u* a shnrW wav* created 
by h»jh mMtfjn t**#*rJ ifesctiarge. hi P«0 1. *<* 
5 «tincfatr oi in. e- wrceicrator lor 

acccfc*ui-«j Hie ■•cii i<uto*« t**i-Kl «** ntcthod. 

AUOShn^miFHj. I >«l *f#w&l **** al l$ 

a la/get siutacc to* c«iy*M poHen targei 
theruoru 

W Th« occtHotatof tO iwdsis of acvcMl parts. A 
Spark tfscharge chamhcf 12 1»* provided txicndmg 
anto its kiiefW a jvur ot elcctrnrtes 14. The geometry 
oi the spark ifescrunge duuti^r 12 is not believed to 
be criticJ in U». ; ptscnt invention as long as the 
15 chamber it cmtkiufctl U» rtevctop and present a 
almck wave of prrij)er cnai v.ter and pr^QQr direction 
that it can he used to propel tne earner particies. The 
applicants hav« lound that a section of 13 millimeter 
■uerior dimeter pofyvinyf chtoricie plastic pipe ts 
20 satisfactory for use as me spark ciccnarcje section 
12. The electrodes V are citending oooositeiy into 
the interior mc-jr.teC appfO«mute!y £ miliimets'S 
below the ten o» the spirit c^i"Z*' 12. Tr.2 
electrodes U tr.eT.s=!ves are fcr-*c f{ tr.re*f.e- 
2 s belts ei:e-c:~.c *r:a <-.\zy.i xrstizi rcrrr.e: 

irtericr si.-o-.vc" is'zza of ire szi < t-z"t' U 
wall Use:?. The er.ds of tne ihreacec 5r!ts forming the 
electrodes U are protected with an ore resistant 
alloy obtained from high electric voltage relay 
30 contact points cut to a sire of approximately 2 
mffimeters by 2 mfflimeiers by 3 millimeters and 
soldered to me ends of tne threadec bolts. The gap 
between the electrodes U can be adjusted by 
a^crsnriarciY tr.rer.O-o !?w belts :r.-s cr out cf the 
25 sparkWmcc- 12. The prelcrrei cap lc disc^'re 
voltage o; atsp'snmatoi? IS kievoits betvseer, the 
ence* of the eicctrcrtcr is berwecr. 1 and l.c 



miZimeters. ire mc-:r 
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the electrccss 1- Unserves is c:car:y s,c;e:: ic 
jc wide vznaticr.. am.cu^i « is prerV-ec tna: tr*e 
electrcne: "urj^y CurcDte zr.z tr.a: ire d-stcr.ce c( 
tr.e sea." ga:: netwea:: the e:ec:-ar.as resd'.'.y • 
ac:-s:ss:e 

A scace- nr.; IS is ?r cv.ee: tzz-t tr.e srarx 
4< c^amoer 12. The scacsr nng :6 may be constructed 
cut ct the sa.-c ?^/C ?ioc as the cr.amre- 12 
hsett anc pre!crab»y 0c cut to a vertical lengtt: of = 
miiumeiers. tr. a fued itpcaratus Ic* tansfcrmatiens 
of a siiigie crac soeces. the ccac^r nng *»6 zz JZ =e 
SO constructed merely as a vertical extension of the 
spark disc-urge chamber 12. aitnougn a removable 
and repiacaoic spneuf nng 1G allows adjustment of 
the distance trnnt spatk diverge 10 cuirier sneet to 
be varied so Ual the lo«cc ol pa/tide acceleration 
55 can be varied by conditions or by species. The 
spacer ring IC may be left open at the top il a Urge 
earner sheet « is ws*l. but may also advant- 
ageously have its top opening partially restricted by 
a statable closure to form a rectangular ooemng 
SO approiimaiciy 9 by t3 mifimeters. Placed atop the 
spacer 12 is a ornV sh«t 1ft. Hie earner sheet 18 * 
a pfcrfur. Sght sheet tornwd of suitable siie to be 
ptacetl resting atop tne spacer ring t6. The earner 
Sheet 18 is tnrmcd oi tumble biologically inert sheet 
S5 material capable of earning biologically inert smai 
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particle* tnereon. The carrier Sheet 1* functions to 
transfer tne force ot * mode wave from a spark 
discharge into acceleration ot tne earner partides. It 
has been found nut mt carrier sheet 11 may 
advantageously 0* formed from t mil or 0.5 mil 
plastic coated alummned mylar, with the 0.5 mil 
sheets being preferred since "m practice they result 
in better penetration into me potten. As a general 
practice tne smaller me actual surface area of tne 
carrier sheet 18, tne better penetration is obtained 
by tne earner particles into me pollen. This consider- 
ation regarcing penetration is balanced by me need 
to have tne earner sheet of a size whicn is easy to 
handle and which provides an impact pattern over a 
targe enough field to be able to impact Urge 
numbers of pollen cells in each individual injection. A 
carrier snee! sice or S by It millimeters has been 
found to provide a good sice yielding good penetra- 
tion in a eesirabte impact pattern of tne particles 
onto tne pctien targe:. 

The carrier sr.eet also functions to arrange tne 
pattern ci tne par:;:,e« as tr.ey contact trie targe: 
surface. A" eve- v-;.'cr- pa::e-n ct parties is 
higr.iy C^i'tz-i tr.s: ii many ce"s cn tre 

targe: as pessii:^ are imcccte::. in crder tc 
maximize tne yie \z c; trans.'ormants. Ken-trans- 
formed ceils, pciien or otherwise, may be a: a 
competitive advantage with transfcrmants or may be 
panialty desilitatec 0y tne carrier panicles. Therefore 
it is desirous to reacn as dose to 1G0 percent 
injection into the target celts as is possible, and a 
umfcr-. lay** anc pattern cf particles cn a carrier 
sheet 18 aics tr.:« cc. : ec::ve. 

As to tne came* payees themselves, any hicr. 
density mate.ra: *r..;- is siocgicsfly inert snc-JC -2 
J: ; 2 : a; £ fc -5 5 as tne Oka ca-rier patices 
w»;r.:r. :r.e c:-.;er: z- ::.c ;;s«ir: cvr.::r.. K'f.t: z 
mate^ais are p.-e-*-rsc. seen as tungsten anc gcic. 
wr.icr. nave i cs-.s.ty cf 19 Inriurr. migr.t aisc te 
pre'**ar:e r.avtrg a :*-*siry va!-* c< 22. out has net 
tee' wis: ov *r.e scc-co-.ts recuse it .s c".. ; - eis y 
ava:liC-e m a r»a:. ■.**•< cc-rse pewrer. w-.ereas 
scnencai part;c:es are preferred. Tungsten is aisc 
prcoaciy less ces-ade compared to gc:c because it 
tencs tc o»:c".:e ;n a:r in tr.e presence zi even trace 
moisture. S-cn a-, oxidation layer on the earner 
partices tencs \z bmd tne panicles together 
causing severe increase in average particte sue as 
the particles aggregate together. Particles which are 
clumped in irregular aggregations are less Jes;raeie 
for tne practice of me present invention since such 
aggregations wii! vary wiriefy in their mass and sire, 
thus leading to difficulty in obtaining regularly 
repiicuUie results. It has hcen found that gold is an 
optimal material for me particles wittun tne present 
invention since it nas h*jh density, ts relatively inert 
to both biological materials and to oxidation, and is 
readily eemmeraafly available m the lorm of spheres 
having a domoter ol 1 to 3 micrometers. Suitable 
On A sequences may be appded to the gold particte s 
and tne gold particles may be applied to the earner 
sneet in a manner wtucn wiu oe discussed m further 
detail betow 

located aoow tne earner sheet 13 is a retainer 
screen CO. The retainer screen 20 is a 100 mesn 



Stainless steei screen physicaBy mounted in a piastic 
holder approximately 5 miUim«iers above the top of 
the spacer ring tS. The retainer screen 20 auctions 
to restrain the carrier sheet it so mat < does not 
5 proceed to the target. 

The target surface 22 is a planar sheet of material 
capable of suspending the target cells, le. pollen or 
other plant cells, thereon. In practice '< has been 
found that an easily useable target a a petri dish 60 
?0 mfltimeters by 15 millimeters inverted over the top of 
the assembly holding the retainer screen Spacing 
from the retaining screen 20 to the target eels on the 
target surface 22 is therefore preferably approxi- 
mately 15 mifcmeters. Spacing greater tftan 15 
IS mitflmeters, uncer the conditions of voltage and 
atmospheric pressure desenbed below, leads to 
reduced penetraticn of earner panicles into the 
pollen while a spacing ol less than 10 ituliimeters 
results in crushed celts in the event that the retaining 

20 screen 20 tiefsrms under the force of the blast. 

tf poller, is jseo as the target cells, the potter, mus: 
be acpiiec tc tr.e target in such a fashion that the 
target may r* inverted w:tr. tne pollen remaning 
v;ao:e. S pe'en in general is sensitive tc 

21 mcisture. the r.etr.cc user tc ac^.ere the pcile-. :c 
the target snc--ic be as rr.c:s:ure-free as posslcie. tt 
rtas been fcwr.c that mineral oil is useful as such an 
acnesive. I! a thin layer of mineral oil is applied to the 
bottom cf a Petri dish to be used as the target 

30 surface 22. pcHen is dusted into the dsn. and then 
the eisn overtimed to remove excess poden, it has 
been lounc r.a: a relatively uniform monolayer oi 
pciier grains -err.rr.s cn the target which wit remain 
in place currg part;c:e injection and *»n*cn remains 
Zi viacie. If ce s ctr.er ;ha-. pcilen are used in tn:s 
accara:*js c**er succcr: rr.tz.i. such as jgir. m« ; * 
te rr.z z a::-::r.s:a. 

The i~.\:'z asse-ciy z' the circle acceierarcr *.0 
anc :r,e ta*;s: y-<zz* 22 must ae parua,^* evac-jater 
JC so as to ce .e-; ^e fcrce zi atmcsonenc drag trcr. 
sic-A-.g zi".:z'zi ar c cr tr.e ci~t' she-' tS. 7>.e 
vac.v^- £■:. - ce cr: : - s :s:t.a. vacucrr. sres a *:g- 
vac.'-rr. ces:ccce tr.e targe: pefier. ca.:s. 

rendenne, tren ncn-viacie. A vacuum of *S0 to -Sv 
4 c mi«ime!fi'S c: rr.ercurj* has Seeri tound sufficer.i anc 
advantage :.*s. 

In tne s ™iest expianaticn Of the operation 
ascarat'-s z' Pg. 1. ire process of finng tne 
accelerator 10 begins witn tne placement ol a crop 
SO 24 of distilled or cemineraliced water between the 
electroces t*. The amount of water must Se 
selected sc as not tc dampen tne arc wtuoi win 
occur between tne electrodes Out yet be of sulficent 
volume to create a shock wave in the interior of the 
55 scan* chamoer 12 when tne discharge does occur. 
The preferred volume of water has been lound to be 
approaimaiety 2-4 microfiiers, Ths amount of water 
may be acotied by pipette suspended between the 
ends of me electrodes U. The water dropkt 2< ««« 
SO bndgc the gao between the electrodes and remain m 
place. 

The scacer ring 16 is ttwn placed upon the too of 
tne soar* cnanmer 12 and tne csrner shee! 1fl «s 
placed on tne too ol tne spacer nng tS. The retaining 
55 screen 20 is mounted m piace S m*meters aoove 
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the earner sheet U and tne target surface 22 
consisting Of tne ovtrturnec Petn dish is placed 
aoove the mounting of tne retaining screen 20. The 
assembly is then evacuated to 400 mdUmtiers of 

mercury. 

External to me apparatus illustrated in Fig. i, a 
voltage supcty is connected to generate 15.000 volts 
DC. The IS. 000 volts OC is men applied to a 1 
microfarad capacitor, which is then disconnected 
from the voltage source. By throwing a suitable 
switch, the 15.000 volt cnarge on the capacitor is 
then applied between the electrodes 14. 

When the voltage is applied, an electric discharge 
arc jumps between the two electrodes U. The arc 
instantly vaponies the small water drop extending 
between the electrodes. A snor.fc wave from the 
explosive vaporization of mc water crop propagates 
throughout the interior of the spark chamber 12. 
When the shock wave reacts the carrier sheet 18, 
the carrier shes: l£ is fttec ve"t*c»!iy crj the spacer 
rir.g 16 arx is accelerate tcward tr.e retaining 
screen 2C Wr.e-. tne carrier sr.eit 12 r.:ts the 
re :a :-, ..rx scree.*. 20 tr.e Cir::** s" 55' * z :s restrained 
in piace arc ;r.e paticies zirr-tr. c* :r.* carrier sr.es: 
12 leave the car-ier sr.ee: arx tiy tre*:y across the 
distance :c the ce:!s resting or. tr.e targe: surface 22. 
It the apparatus has been property constructed and 
adjusted, and the procedure properly followed, a 
significant percentage of the carrier panicles will 
arrive at the targe! with a correct veiocty to 
penetrate tne ceils carried on the target surface 22. 
witr-.cj! cet'r-jvi-r sr. unaccectar.ie perce-.tace c* 
the c* is. Tr.e cs.is z* the suriac* 22 -ay tr.er. 
be removes from tr.e urge: swrtace 22 ar.c seiectes 
as acrrsrria:* to sejr*r.s:e trar.s'or— .ar.ts frcm 
rx"-tr5 - .s"orrr.arts. if zz'.t* is -jsec. it z'*'i'~*i. \r. 
tr.e z'zzs.<z. tr.i ;c:'e~. is tr.e-. rerrxvec trc-. ;r.e 

:c fen;:- 



targe: s. 



pc&nater 



and hi 



Withm the prt*fcrrv<i |«octss of the present 
Invention, the or ores* lur jwtv<*J the DNA sequtn* 
cas to the pjuios. U* process tor layering the 
oartides mio tn« orner srvs:!. arwi mo piocess tor 
5 preparing th# DriA tot put'd transformation att may 
require particular an r niton E:\ch ct these details win 
be discus a*4 a» turn. 

The OttA sequence awlucimg a foreign gene 
prepared in the form suttee lor plant transforma- 
to tion can be simply dried or.ts naked gold or tungsten 
ptfttts. Hcwwer. DMA molecules in such a form 
tend to hav* a r*uttvctv shnrt period of stability and 
tend to degrade rainer rapitfy due to chemical 
reactions wun tne nvtaitic or ov*oa;e substrate of 
15 the panicle itself. It has he* n tmmn. by contrast, that 
if the carrier panicle* are tws: cuated with an 
encapsulating agem tne On A strancs have greatly 
improved sraeiiity anc do not degrade significantly 
even over a time per.on of several weeks. A suitable 
20 encapsulating agent has teen founc ;c be poiylysine 



fe-r.aie Meters, sucr. as rr a :* s::ks. w-.xr. w:i: tr.er. 
set set:, cr '*e*r.fr:s. Tr.e :«* : car. zi r.a-.«es:er. 
p:s-:*r i-z * -* sc !c :rs rr.z'z'z zz-zz\ z" 
tizzr.irr.-.zy t:a.:s c:'*.;:i:c:.e: zy tr.e carr.ee 
on the carrier p articles intc the ;c:!en. Aitematrveiy. 
irr.rr.ature errxr/cs may te exc.stc Jrorr. the cewelc- 
ping seec tissues arx the errxr/cs g:c*n out in 
aprrcpr;aie tissue culture ir.tc srr.zli ptar.tlets or into 
whcie p:an:s. Tne piants or p:ar.:ie!S, or tissues frcrr. 
them, can men be tested for selection on the basis 
of a selectable marker earned tn the ONA trans- 
formed into the pollen cells. Suitable select act e 
markers would inctude exogenous resistance traits, 
such as heroxxe or antioiotic resistance, or 
dominant morpnoiogical trails whose expression 
can be observed. 

It is to be understood that while the apparatus of 
Fig. 1 has been specifically developed for the 
process of pollen mediated plant transformation in 
accorcancs with the present invention, the appara- 
tus itself is also useful for accelerated particle 
transformation of other tissue types, plant, animal or 
bacterial, at wcrt ft* apparatus allows for easy 
adjustment ot tne parnce icrcc by varying the 
spacing or the rticcnarg* vonage. it is relatively 
simple to ope rite. «fiicent anc suote to thai results 
may be repucitcc 
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(mcl eerier vwe:gr.: 2C0.CC-0; wrxr. 



:e a 



the carri*» p=-:ic:e< Zi zn tr.e rrx-ecules a = 
appliec. Ctr.e- ercapi-.'srtrr. arja-:r. pc'yrr.e'ic cr 
othe-A*:«*. z-i asc tr Ovri ucs*. as sl—.ia* 
encarsuiatirx are-.tj. Tr.e pciy^-s-r.e is appiie- tc 
the pa tide s cy rinsir.g the gel-: particles in a 
solution of O.C2 5/ c pciyiystne anc then air drying cr 
heat drying the panicles thus coatee. Once the 
metallic panices coated wan poiyiytine have been 
30 properly dried. DMA rtrancs czn men be loaded onto 
the panicles. The ONA may be tcaced onto the 
particles at a rate nf octv.-een 3 and micrograms cf 
ONA per rr.:::^::im c? gai- beic s;;i teres. Tr-.s 
practice rxc c*=-. :c ice \z 100 micro grams ci On A 
ZS and 2C rr.:.Wyzrr.% q: 1-3 mxr" gcX screes 
preccatsd w;:-. rciylvne. sec::er.;:3- ; y 5 micrcii:e*s 
o: tC rr.M 2 * ar.r. i im:*: ..*'e:s c: tO rr.'.' 

CaCj to prevxs a Tr,i Ci.-.?C a -*e-:ri-i*e wr.xr. 
forrr.s as tr.e so:uticr, cries. The ere cerate carr.es ^ 
-'C the On- w-:r .t cr.tc tr.t terxs. Crc= :r.e Sears a-c r 
tr.e c a-x c; : cr.xrxi sc u:xr. ha.-e 

beer. rr.:xet *■ *~ ire- Z'*~.. :r.« i-t:c*s::- is c*ec 
uncer a nifcrer. (Nji sirtam witr. irecuer.t stirring. 
Ones Criec the pr eccitate is imrnec:a:e)y res us • 
ts pencer ir. :c:-': etr.c-.c: 'z: the ? o! ?:ac:r.g 

the parttctes or.tc the earner sr.ee :. 

In arxSrr-.; the ?a';;c:es to tna carrier sheet, it is 
preferrec Ic* the successful oceraticn of tr.;s 
procedure to form a uniform and reprocucibte layer 
50 of the earner panicles on the earner snee:. To do 
this, the panices cannot 3e simply ousted onto the 
carrier sncet. since they lend to aggregate anc are 
thus distributed unevenly in a rtorweproducbJe 
lasnion on the sheet. In panicirfar. moisture or water 
SS content on the sheet will disrupt the application of 
the panicles to the sheet and result in undesirable 
aggregations. Therefore, it is first necessary to 
precsat the mytar sheet win a hydroorulic coating 
intended to prevent water spotting wncn applying 
SO the earner panicles. It has been found that hydroxy 
ethyl cellulose woiks w*.-« tar th*s purpose, aitnougn 
other similar trcAtmcnts, sum as acid hydroryred 
ceUuiosc. arc also leasee A solution of i«^nyd f0i y 
•thy* cefluiose ic %*tpen over the ptastic coated 
$$ aKjmmiacc mylar. wi«c*t is tnen nnsco w»« n 
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tW *ter and air dried. The cirri tf pa/tides, win the 
oftctpitactd cotung containing the Ona strands, 
suspended in 100*0 etnanol. is than applies to me 
carrier sheet, tt has been leund Ifut SO or 100 
microliters 0* a wall sttrr ed suspension of me afnanot 
with ma carrier particles can be successfully 
pipetted onto me mylar sheet in t reasonably 
uniform and reproduce fashion. The pipetted 
aliquot of this suspension is than allowed to settle in 
a dosed pern dish tor at least 30 seconds. The petn 
dish must be dosed to prevent eddy currents trom 
forming trom room air currems and trom a high rate 
of evaporation, such eddy currents potentially 
causing excessive drifting of the panicles and 
therefore a ncn-unilorm distribution of panicles on 
the sheet. After me settling period, the meniscus is 
broken and me excess ethanol is drained away. The 
resicual etr.ancl is removed by evaporation in a 
partiallv opened petri dish. 

This'prscess is iniencee to place the earner 
particles esated with the prec-pitate containing Cna 
• •rands en me myla* ca-ne- sheet. A ;ccd median 
ra:e whicr. is louse successful with- the prase-.: 
inv-nncn t* acprci:ma:ey C.l m&gra-r. of carrier 
r, particles carrying the precipitate and DNA applied :c 
a S by 11 millimeter area of the carrier sheet. Such a 
density of carrier panicle application to me carrier 
sheet gets good survival of pollen and also a hign 
penetration of pollen grains by me accelerated 
panicles. The actual acceleration and penetration of 
the grains by me panicles will vary both with the 
pc.ien si:a zr.z d:a-e:e*. anc the numser of carrier 
panicles can cbv.cusiy be vanec to g:ve mere cr 
fewer particles ?e' e:ess-secticna : area z' the ;ar;e: 
cells as desired. 

\r.* ~NA :c- -ss w::r.:.-. tr.e p-es«-: \—t'ic~ must 
be cer.structcc in a vector acr-ecnc:e :er tiZ'tti- 
icnVf me er.cge-.cus -er.« in me :e.!s c: -a::*, cr 
whatever ether p:ant is being utiileec witrun me 
r-*<*-: invention. Tr.e C V *A secuencs c:~ zt 
cn^-c-c. tut ":r:ac: .n=-:r.:m«ne ;a-.«s !r=m 
ether p;a-.:s scec es er Ur.es c? th.c same spec.a: 
may also be used. Vectcrs su:tae!e ler exeressicn in 
plants genera.ty must inciuca. bescss me ceding 
sequence ef me ces:rec exogenous gene, appreci- 
ate flanking regulatory secuences such as a suitacie 
promoter cacac!e of promoting transcription and 
expression in vivo in plant ceUs and a translation 
terminator capable ef signalling the end of transcrip- 
tion cr tne acpropnate processing of me flNA in 
such a fashion mat will anew suitable translation of 
messenger to produce protein synthesis. It nas been 
previously demonstrated that plant gene promoters 
capable of cousing coding sequence transcription 
and expression in d«cot plant ceUs are also effective 
in monocots. sues as com. on a cellular level 
although wim lowered efficiency in some cases. 
Fromm et at.. F'oc. Natl. Acad. Set. JJSA 



82:5324-5823. Septemoer t$aS. Sucn promoiers 
delude the no palm c synthase promoter from me 
plant pathogen An rooactcrtu in tgmeOdcns and the 
CaMv 35S promoter derived lrom the cauMtowcr 
moiarc virus seQuence A suitable termmaiion 
secuence effective m plants is the pofyadertyUtion 
sequence trorn the nopaimc syninase gene of 



Aorobacterium tumtfaciens. The ptent expression 
vector may also coma* a selectable marker opera- 
tive in pUnt ctfls to How tor selection of transfer- 
mant plants. The stiecuble marker may condition a 
S trait which may be assayed b»ochenwa«y or a 
phenotypk: trait which may be observed in me 
progeny plant. Clearly if a non-cnimenc intact gene, 
with ttanktng regulatory secuences. Ircm me same 
or another plant is used in me present process. 
to chimenc promoter or control sequences are un- 
necessary and the gene may be used with its native 
sequence. 

White the process of me present invention has 
been described in particular detail with regard to 
15 pollen-mediated transformation of maize, it should 
be uncerstooc thai mere is nothing intrinsic to the 
process that is of necessity limited to maize, anc the 
process is equally suitable for pollen transformation 
of other cereal cops as well as dice: crops such as 
2 z soybean anc" cotton, anc mcs: other plants as well. 
The procedure for handing pcfier. c: other seecres 
may neee te ce varied anc the s=so:ng the pans z\ 
the'acraratus c-:t:ca! :e csrne* zi"..z * ve'rety may 
r.eec te z* va- : ec cepe-e n; en tr.e sreres. suvme 
25 basic apparatus ar.e prccecure may Zt in c:ne* 
plant species. 

tn aceiticn. whiie me process of me present 
invention is directed toward pciten-mec;ated plant 
transformation, me apparatus disclosed herein is 
3C equally suitable for use in transformation of other 
plant tissues, such as emcryogenic callus or somatic 
embryes. or any other plan: cr ether tissue in 
culture. 

Since net a" z' the pc^en will have ear*ie' pan;c:es 
2S insenei ir.tc mem. anc sines nc: a.'. :e::en ceils or 
preee* , y ryecte; will ccta^e the Cn- inrs the." 
gene me. it w:i: re neceisa** :e i:*?^" ih< prc^eny 
p:an:s at seme srarje tc st *z: *zr trans* errnan :s. X it 
is ces:re: ;e trans-erm a gven iere:;.n gene into a 
• p:an:. th* gene msy te inse**ee in:*; • ehim.e.nc 
exc-esi ve::er. T>.e :h:mer: *Ar »s: " ve::r- 
csu:s then Zi transterrec n:e z* z tz'Z w:^n 
a seiectaele marxer piasrme. sucn as eCMC 'C22 
describee herein be'cw The tv.e vectsrs (fere:en 
jS gene anc seieetaeie marWe-j cs- zt r;;::ee teeetner 
to make one ptasmie. or me rwc vecters en a* 
ciened sesamte^y anc then acr:ie: together to me 
same earner panicles. In eiiher even;, tr.e progeny 
produeed are screened for me marker to select 
£0 transformed progeny. While the use of such a 
selectable marker may be eesirade m seme circum- 
stances, rt may be ommec if a suiiacie morpnolog-.- 
cai or biochemical test exists to screen for the 
transformed progeny. A morphological screening 
55 test could be for a dominant phenotyp«c trail in me 
progeny. A suitable biochemical screening test 
coutd be s so-cafled *Soutnem' blot hyondtnng 
prooe lor me existence of me transforming 0NA 
Usett in the genome of me progeny plants. 

60 
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A. Antibiotic Resistance. 

The construction of suitable plant expression 
vectors is illustrated in schematic fa&hion in Tigs. 2 
and 3. Tig. 2 frustrates, in schematic form, tne 
construction of a plant expression vector pCWC 
1203. The construction of tne plasmid pCMC iCCfi 
began with the digestion of the plasmid p6A 325 
(Bolivar. F. Gene i 121-136 11978)) wan the restric- 
tion endonuctease Taq I. The plasmid pSS 32S 
contains a coding sequence lor the antibiotic 
resistance gene chloramphenicol acetyl transferase 
(CAT) wnich is exised from me remainder of the 
plasmid' by Taq I digestion. After digestion ot pBR 
325. the fragments were resolved Dy electrophoresis 
in an agarose gel and the fragment containing the 
CAT gene wos exescd. The CAT Iragment was men 
tig a tec into (he pUsmid pUC 9 (Viera & Messing, 
Gene . 15:2*9-262 (1SS2)] which had previously been 
cigestec wit.i me restriction enryme Acc I. The 
fragment er.es prc-cjoed by Tac; ! anc Ac: I are 
ccrr.p:*— .er.rsr/ ir. :r.:s case ar.c tr.»s tr e strands 
were z-nzy.v u?.i:zzie Tr.e rtsJ'.-.z riasmc. cesc- 
r.a:* : z\cC-Z~~ m ? : g. 2. c.v.ta:ner :re CAT cccr.c 
sec-ercs !!a.*.*.*c cy pertiens c' tr.e pclpr.^e: from 
p'JC r Tms plasmid was digest*'! with Ps: I and Sam 
HI. and the smaller of the two fragments was isolated 
by ge! electrophoresis. This fragment was then 
tigared to an intermediate plant expression vector 
pCMC 55. whicn had been previously digested with 
Ps: I and 6am Hi, to form the CAT expression 
plasmid pCV.C 1205. The plasmid -CMC £5 centals 
tne r.cza i-.e syr.tr.ase promoter -Ncs rr; from 
Ac*ooac:e*yrr turner a c.er.s ar.c a nc-a !ne syr.tr.ase 
pc:yacer.y:a;:c.-. secuer.ee (Pcy A), from tt*.e sa~e 
crganism. S-rreur.ci.ng S:x piasmic j-icue res:r.ct:r.r 
si:es. Tre e a:~..o oC.v.C £5 a:se carr-.es a vc:.:*. c: 
tre re:3-:ae:a-.?.se gene (t^al wnic-. e*p**sie< 
resistar.es :c the ar.tic.cttc ampic:'-.-. in oac.e-a. so 
tha? a-CiC.:"..- res s rare* can rce s e o as a se.*ct;cn 
ma-<£- ir s.oser.-er. recemc:r.at e-s :**-c*r.= : ,r. 
c. Co 

The ::as-.;c oCaW 1C (Gardner e: a!.. NuC. Ae-.cs 
Fes S:2:Tl-2S=!;*S=:)| was digested witn Stu I arc 
the fraomer.; containing the caui&cwer mosaic vtr.s 
35 promcter (CaV.v 25 s) was joined tc synthetic Xr.c 
I oi;gor.-c:»ot;oe firmer s. The fragment was then 
digested witn Hpn I. treated with a Cna polymerase 
to generate blunt ends, and then joined to synthetic 
Hind lit oligonucleotide (inkers. Digestion of this 
fragment with bom Xho t anc Hind III produced a 
fragment containing tne CaMv25s promoter and 
transenption start site modified at Us ends by the 
addition of the restriction site sequences. 

The nopatme synthase promoter was excised from 
pCMC 1205 by digestion of the plasmid with Xho I 
and Hind HI. The larger of the two fragments thus 
produced was Ggated witn the CaMv35s promoter 
fragment to produce pCwC 1203. a plant expression 
vector having the CaMv35s promoter, the CAT 
coding sequence and tne nop a tine synthase poly 
adenyiation sequence in order. The CjMvOSj pro- 
mote?- anc pciy A sequences served as the Hanking 
regulatory sequences tor the CAT cocmg sequence. 

Bc:n ot tne piasnuds pCvC 12CS and pCC 1203 
were tested icr actrv.iy m maize hy eiectroporaiion 



into protoplasts, followed by an assay for CAT 
towfy. ficth constructions proved active in mace 
CHs. but pCMC 1208 proved significantly higher *\ 
level of activity, and thus was selected for plant 
5 transformation expenmants 

The pUsmic pCMC 12C3 was used for the 
poflenwnedutod genetic transformation of maiie in 
the apparatus and process of the present invention. 
However. H was found mat the assay for Cat activity 
to had a high o a ck ground level in maize tissue ana thus 
the CAT gene was considered not an optimal marker 
in maize. Accordingly, the plasmid was further 
manipulated to insert another antibiotic resistance 
gene, of more selectivity in maize, in the vector in 
IS place of the CAT gene, as illustrated m Fig. 3. 

The piasmici pCMC 1021 CJntoins the ncpaline 
synthase promoter anc the nop aline synthase 
polyadenylauon sequence flanking a coding region 
fcr the enryme aminoglycoside-l-phcsphoiransfe.*- 
2- ase tl (A?K 3*11 J whicn conditions fcr resistance !c 
aminctv.ee sice ar::tiot:cs s^cr as kara-ycir. 
S.nc* e'*::rccora:;cn eip**:rren:s re/*: tz tr.e 
C«Mv2£s p'omc:** tc rr.jcr, rrz-t e~*c';v* ir 
maize trar ire Ncs Pr. it was ie:icec tc transfer tr.c 
25 CiMv2£s promoter 10 pCMC 1C2:. The CaWv3£s 
fragment !rom pCMC 120S, as illustrated in rig. 3. 
was isolated by digestion with Xho 1 and Kind HI and 
isolation oy electrophoresis. The plasmid pCMC 
1021 was also digested with Xho I and Hind Ut and 
JO the larger fragment isolated and ligated with the 
CaMv 35 s fragment to p reduce pCMC 1C22, lr. 
p!asm:c pCv.C 1C22 the cooxg ssrjtncs frcr-. 
APr^' i: is Mcr.kec Oy the reg/jictcry Ca^'v*3£s anc 
Ncs p- sec*jsnc*s 
25 The c:2sm;cs pCMC 12CH anc pCV.C *t2Z we.-j 
tothcer.or.stratec tc zt et:eot:ve 'zt t.-a-stcmaticr 
and excess; on in incivcu*: coi's ci tcoiccc. ccttc-., 
soy022* arc zzrr. :r..'cur.r. e:e::rcoc'«: c.-. transtcv 
matic- arc ostein assays. c* * trans'emec :r 
-:C C-!t*.:* * '■ ;r.c A ? r. 7 ii .^.a ^ « z e = r c* - c *.s t**: e c '. z 
t« res :::r; tc <*-.arryc:r. tc* cr zz : z*i~ a*: 
corn ca::s. 

E. £r,cos:e-rr. error marVer. 

'5 A piasmic rt^trrfl to as pW£c=» was cotainec 
whicn contains an arorcximaiely 9 9 <:!coase zzo z .'. 
fragracn: of the maize genomic 0NA wr.icr, inctudes 
the enrire gene encoding the enryme UOP glucose- 
flavored giuccsyl transferase, an enzyme which is 

SO recused lor tne synthesis of anthocyamn pigments 
in com. The genomic fragment contains extensive 
bom T and 3* flanking OMA and thus is expected to 
include appropriate regxiatory sequences effective 
in maize to express the gene. Since the doned gene 

SS hi fuWength copy of me normal, functional maize 
gene, a would be expected that the doned gene 
wouW be hifly active and function appropriately t\ 
maize cefls. 

The enzyme itself, UOP glucose-flavonot glucosyi 
SO transferase, is us«(ul as a seiectaoie marker for 
genetic tranjiormancn in maize because maize lines 
are avaiiaoic whicn carry recessive mutations wnic* 
inacinrate tne encogenous gene. Since the enryme 
it non-esseniiai lor pum growth and development. 
SS me plants ot inc mmani fcn CS v t normal except for 
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the tach of the red anthocyamn pigments produced 
in various tissues of wild-type or non -mutant maize 
plants. Introduction of the wW-typt gene into 
homozygous mutant fines results in tne production 
of the enryme and mus ultimattty the production of 
antnoc/anms. so mat translormant ptanis can b« 
tasily identified due to their characteristic 
dish witn a brush and hand pollinated onto the silks 
of lemale plants of Kaitenoerg 390 and CPS SSO* 
hybrids. The silks were physically segregated from 
other pollen. 

From the ears pollinated in this fashion. 52 kernels 
were produced. The immature embryos were ex- 
cised from the ears U days after pollination and 
placed in culture on a corn embryo tissue culture 
medium containing SO pans per million Kanamycin. 
The seec'.ings which grew up on the medium were 
assayed directly for APH3* 0 activity and three 
seeding* assayed positive, "indicating the APH3* II 
enryme was being excesses" in the tissues of the 
seedling* thus indicating successful transfcrrr.a'icn 
cf tnese plants. 

C-* z' :r.e«* p!e-ts w*-» placed cn a nens elective 
rr.tt^rr. te'ere transfer :c a greennc^se *zr furthe* 
growth. Leaf tissue was analyzed fcr ccr.tir.uec A?.-: 
3' II activity w.mcr. was positive. 

The presence of pCMC 1C22 sequences in the 
ONA isolated from this plants and from one plant 
which die net assay positive was demonstrated by 
the Southern hybridization-technique. Scuthem, J. 
Mci cj C cs £02-577 (1S75). ONA was isolated frcm 
centre- a-.c test leaf sauries by micrcmedifica- 



Nelson. Nudetc Aods Res . I3r20t«*207 p9«S). 
The 4 kb fragment length ts eo*valent to the pUsmid 
unit length of me pO*C 1022 pusmid and suggests 
tnat these plants contain tancemry dupficated copies 
S of the plasmut Ogesiion with either enryme atone 
would then produce me piasmid -length fragments 
observed. The 37 kb fragment appears lo result 
Irom a rearrangement of me plasmtc. perhaps at its 
juncture witn indigenous mane ONA. 
10 Two additional repticates were done utfizing the 
identical procedure as described above with pollen 
from CPS 5504 -plants pUced on silks of CPS 5504 
plants. Two plants generated from me procedure 
were selecttC at raneom from me plants produced. 
IS • and were assayed for APH 7 0 and were analyzed by 
Southern tlot Bom plants failed to show APH 3' II 
activity but evidenced me 4.0 kb hybndisng frag- 
ment in their genome. 

Another replicate using identical procedues with 
20 pctlen from K\tl and a Fiir.t maternal plant again 
resulted in prcgeny frcm wnic.n a plant was selected 
at ra.nccm fc anaiysis.The :e*ves of this plar.t tested 
pcs'.tive fcr A=:-: 3* U and a s: evice-.cii :r« - - k- 
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Scutnerr. C analysis. 



tier, cf tne cetyi-tr.metr.y!ammcrjum crcm:ce proce- 
dure c; Tayicr anc ?:wi!! ( rscjs S*Zi2\. 1C u; 
of esc* Dna sarnie was c:c;es:ec w-.tn tr.e resthc- 
ticr, e-r/T.es Ava 1 anc Kind Hi, resetvec by 
e!e:trc:-.cre*-s ir. an a;a:cs? gs!. tra-stamed tc a 
nvicn memcrane. anc hycr:c:;sd witn a 3: ?*iaCe':eC 
p'rece :crrescc-.c:r.g tc the non-cccing strar.c cf 
tr.e 1! cccmr recjen. After was.-.ing the frte*. 
hyc-crm; "n- tracm.ents were vis-ja.'.csr by 
racicgramv. 

The expected Ike fragment was net fcunc in 
eitne- p'.ant. However, eacn ct the plants exhibited 
an accrcx:ma:ery awz fragment wr.icr. hycr;c:;er 
witn. the APH-3* II prcse arc wmch was not four- in 
ar.y c? tne ccmrc! non-transfcrmec ccntrcl sa.r.cies 
of maize ONA. Cne of me two plants (tne one 
positive for APH It) also exhibited a 3.7 kb specifi- 
cally hytridir.ng fragment. The fact that the ob- 
serves fragment is not me expectes sue is net tec 
surpnstng since complex restriction paitems are 
generally oo served for ONA transfected into plant 
anc antmai ceils. Pcruc.no et aU Can. 22:309-317 
(1930); Kiens tt ai.. Ptant Mol. Bioi. . 5423-224 
(19££): Pasrxowski tt ai.. EMSO J.. 34717*2722 
(1934); Riggs and eates Proc. Natt. Acag. Sci USA . 
a3.5602-55C6 (1C251. Purtnefmore. in eucaryouc 
ceils Ona can be modified, e.g. by metnyiation. in 
ways mat alter its expected restriction digestion 
pattern Chanuicr ana Wattiot. Pto c. NaM Acad. Sci. 
USA , 83 1 767- 1771 1 8om Ava I and Mmo ui. 
tne restriction onnunucifcascs uscO m tnis example, 
are known to ue iriiuOiitd by specific methylaiion 
witnm their recognition sequences. McCctiano and 



3. Use of pCMC 1C22 w-:n Ctr.er Genes 

To transform oiher genes cf interest into maize or 
other plants, ptasmid pCMC tC22 may be used in any 
ot several ways. The APH2' a coding sequence can 
30 be deleted by digestion of pCMC 1022 with Hind 111 
and Earn HI and another gene sequence of interest 
preszrtt with ascropnati ends can be Bgated in its 
piace. U the gsne of in:*-$s: cm reisc-ir'y t* 
se:ec:ec fcr. tne plasma may tr.en be cVectry usee 
25 fcr transfc.'-a-icns. U tne gene o< iniercs: is 
sesa.'a:s J y p'esa'si wi:r. accrccriaie reg-^atcry 
sec-encs*. i*: i se:;::ar * marker is ces-t;. tr.s 
gene zi in:e*es: wttr. its re;-la:sry serje-.css cz* 
be insertec in any of tre s;t«s in tr.e pcPy:ir.*er 
40 uc stream cf tne CAMvlSs sec-jence in pC.VC *C22. 
Anc:*e- ai:- — .a:?--e tc mj<e .-se c' the cC.V.C 'CI- 
se:e:t£c:e ma-<e- it tc z'tzi't the ;sr.e z< ir.ie'c^:. 
in pCVC or in any ctr.er plan: ex?rcts:cn 
vector, anc tc ccat pCMC 1C22 ar.C the gene 
4$ excressicn vector togsrr.er onto came* par.i::es as 
Cisclcsec r.e*e:n for L-ansfcrmaticn into pt*n: ceils. 

The plasm:- pC.VC 1C22 was Ce?cs::eC witn :ne 
American Type Culture Cdlecticn, \7T-Z\ Pirxtawn 
Drive. Rockvine. M0. USA. on November 14, 1365 
SO under ATCC accsssicn No. 67253. 

The above deposit was macs pursuant to a 
contract between tne ATCC and the Ceius Corpora- 
tion, a partner in the assignee of the prtttnt 
kweniion. The contract witn the ATCC provides for 
SS permanent avaHabSty of the progeny of these cell 
ines to the public on the issuance ol the US patent 
describing and idemrfying tne deposit or me publica- 
tion or taying open to the svbuc ol any US or foreign 
patent application, whichever comes first, and tor 
60 availability or the progeny of these cefl ines to one 
determined by the U S Commissioner of Patents 
anc Trademarks to be entitled thereto according to 
35 USC Section \71 anc tne Commisstoner s rules 
pursuant tncrcto l*<Juong 37 C? A Section M* 
gS particular reference to SiS 0 G S33I. The assignee of 
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tnt present application has agreed thai 4 me ctfl 
fines on deposit should *e or be lost o r destroyed 
when cultivated under suitable eoneUfcons. m«y wiO 
be promptly replaced oo notification with a viable 
culture of tnt same ctfl Sne. 

The present invention is not to be limited in scape 
by tne microorganisms deposited, since the de- 
posited embodiment is intended as a single fcustra- 
tion of one of tne Invention and any 

microorganisms which ve functionally equivalent 
are within the scope of this invention. 

It is also to be understood that all base pair sizes 
given for nucleotides are approximate and are used 
tor purpose of description. 

In one aspect the invention relates to a maize plant 
comprising in its genome a foreign gene wherein the 
foreign gene was introduced into the plant by 
physical injection, into the poHen of the pollen parent 
of the plant. The foreign gene is preferably coated 
onto carrier particles accelerated into the pollen. 

Tr.e foreign gsr.e may incite a ceding secuer.ee 
anc accrc?~a'e tanking «;vU:s.-y se-vences so 
that tr.e cecir.g secjer.ce is expressed in tiss-es cf 
the piar.t. 
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Claims 



1. A methed of making a genetically trans- 
formed line of plants characterised in that it 

comprises tr.e steps cf: preparing copies cf a 
foreign ger.e incx-cir.g a cccing regie-, and 
fianK-ng regulatory secuer.ces e??ectrve tc ex- 
press tre cccir.g reg:cr. in tr.e pan: ce'Js: 
jcir.:r- cee.es cf tr.e 're-r. ger.e :c sicicg-.cstiy 
inet carrier paractes: pr.ysca:ty accelerating 
tr.e part.des carrying the ger.e ccptes a: pcilen 
cf the p!a-.: in sccr. a fasr.icn that seme 
pa-.;c:e! 'ecge ir. tr.e integer zi seme cf the 
pc:ier.; pc;r.itmg \trr*± organs c! the ?*-.: 
w;:r. me pc:ien so treated: ar.c screening 
among the progeny trcm this pciSnanon (cr 
var.sJcr.mec P^cgeriy. 

2. A methoc as ciatmec in claim 1, cnarae- 
tensee in ma: the oicicgieally inert parties are 
metallic. 

3. A method as claimed in claim 1 charac- 
terised in that the metallic panicles are gold 
spheres. 

a. A methed as claimed in either claim 2 or 
claim 3. characterised in that it includes the step 
of coating the metallic panicles with an encap- 
sulating agent before the gene copies are 
joined to them. 

5. A method as claimed in daim 4. charac- 
terised In that the encapsulating agent is 
poiyiysine. 

6. A method as claimed in either daim 4 or 
claim 5. characterised '« that the step of joining 
the foreign gene cooies to the metallic panicles 
induces crying a solution of the gene copies 
onio me panices. 

7. A mctnon as daim«d in claim fi. charac- 
terised m that a solution of the gene copies 
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fectudes CaMPO* wh<n ts preoo»taied with the 
gene coo** onto the metatuc pandas. 

S. a method as claimed m any one of the 
preceding dwn*. charactenstd * that the step 
of pnysicaay accelerating the panicles includes 
layering me particles on a planar carrier sheet 
accelerating the earner sneti by impacting 
it with a Shock wave, and restraining me carrier 
sheet sucn that the momentum of the carrier 
particles carries them from the sneel. 

9. A method as claimed * daim 8, charac- 
terised ki mat me shock wave generated to 
impact me carrier sheet [\Z\ is generated by 
high-voltage electric discharge tnrougfi a spark 
gap bridged by a water dropie: (24). 

10. A method as claimed in any one of the 
preceding claims, characterised in mat me step 
of accelerating the particles at plant pollen 
includes placing a monolayer of pollen on a 
target surface and placing tr.e target surface in 
the acce'e-atior pair, cf tr.e easier panicles. 

11. A metr.cC as da<mec m dam tO. charac- 
terised cy the stsps ~ i"T- r -» * ,3 :V c ' 
miners tc tr.e u ;e: s-^acs. custme pet:*-. 
merec-.ar.e removing :he sxesss me'tlrom. 

12. A method as dairr.ee in either claim 10 cr 
claim It. characterised in ma: the step of 
pollinating female organs of the plant is accom- 
plished ey brushing pcUen into which panicles 
have teen acee'.eraied or! the target surface 

_ with a brush and dusting that pollen onto the 
female c-gar.s cf a selectee female parent plant. 
12. A metric as camec in any cne of tr.e 
precee".r.g cta-.ms. charact ensed in that tr.e 
scree-..-.- amene :re prcger.y is d"« - n 
casis z' a 2iGC-.em;cd assay. 
U a metr-ce as eiamee z i : - zr.znz- 
terlsee ir. that me zttif is fcr ar.::e:c:ic 
resistx-ee. 

15. A metr.ee as daimee r. ar.y one z' da ; ms t 
tc t: c-ararte-.sic ir. \n: tr.e sz'ti- 'z 
amc-.e :re ::c;er.y is zzrt zr tr.e zzs.z cf * 
mor;r.ciog:ea! plant trait. 

16. A metr.ee as damee in ar.y cr.e of the 
preceeing claims, cnaraet er.se e ir. that the 
plar.ts are ma.:e. 

17. Plants genetieafly transfcrm.ed ty a methoe 
as claimed in any one of the preceding datms. 

Ifl. A method of making a genetically trans- 
formed maiee plant characterised in mat it 
ccmpnses the steps oft pnysicaily injecting a 
foreign gene including a ceding region and 
appropriate regulatory sequences into maize 
potlen from a male parent plant: hand pollinating 
me potlen onto me mature mailt silks of a 
female parent ptant and segregating the silks 
from other pollen sources: grcwing up progeny 
produced from me fertilized female parent 
plant. 

19. A method as mimed in daim 18. charac- 
terised in that the stea of physical injection 
induces jommg copies ol me lore^gn gene to 
earner particles and accelerating me particles 
at me mane ooiien. 

20. A meinoc as daimec in daim 19, charac- 
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temed * tru! mt carrier parses ift gold 
beads coated wim an encapsulating agent, 
prtf traWy po»y*ysint. 

21. Uaat plants product* by a method ss 
Ciaimad in any ont ol daunt H to 20. 5 

22. A mailt ptant which has a parent pUnt as 
claimed in etlhar ciaim 17 or eaim 21 . 

23. Mai« pollen comprising in il a tortign 
chimeric gent and at toast ont carrier parade 
which physically carried mt foreign gtnt into 10 
the pollen. 

2*. Maize pollen as daimed In daim 23, 
characterised in that the foreign gent includes 
a coding sequence and appropriate flanking 
regulatory sequences so that the coding se- «5 
qutnce is expresses in progeny of the pollen. 
25. Apparatus tcr injecting earner partides 
carrying ONA into living ce«s characterised in 
that it comprises: a spark discharge chamber 
(12): two electrodes (U) extending into the 20 
spark d : .scr.a-;« chamser and spaced acart by 
a sca-k 52=. :r.e ttz.rzza se-ng acar.ee tcr 
attacr-e-t 12 a- extern: scarce cf ruc*i 
vcitage cis—a-ce; a cavisr sr.ee: (*,£• he* 
spaced acc*e tr.e spa.*< discharge cr.5T.te:, 2i 
Lie carrier sheet receiving the carrier panicles 
thereon; a retaining screen (20) fixec in place 
above the carrier sheet; and a target surface 
(22) he!d spaced acove the retaining screen 
(20) and carrying the ceils so that a spark SO 
discharge generating a shock wave in the 
discharge cr.arr.se' (12? acceisrate the 
carrier s--.ee t '/.£' r.tc the retain.; scree- (2C) 
$c that the earner parties are accelerate: !r.:c 
the cs;!s zr. tr.e targe: s-r?acs (221. — 

26. Apcaratus as cia:mec in claim 25. charac- 
terises ■-. that a wa;e: zrzz t: \2~) is c srese: 
bringing setweer. tr.e eiectrcces 

27. Acraratus as c!a .rr.ee in e:tr.er claim 25 cr 
claim 25 er a-act '-.sec in that it includes a 40 
vac--j- s-.arr.ser tc a z« tr.e ascarar.-s to Ce 
cce'atec r a ca*»ivtc"--rr.. 

22. Accaratus as c:a:mec in ar.y one cf claims 
25 tc 27. characterised in that the scar*, ga: 
between tr.e eiectrcces is between 1 and 1.5 *S 
millimeters. 

2S. Apparatus as claimed in any one c*. claims 
25 to 22. characterisec in that a ssacer ring (16) 
is positioned above the spark discharge cham- 
ber (12) Out beicw me earner sr.ee! (18) and 50 
with a: least a partial opening at us :cp. 
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